It was suggested that the relativistic jets in gamma-ray bursts (GRBs) are powered via the Blandford-Znajek (BZ) mechanism or the annihilation of neutrinos and anti-neutrinos from a neutrino cooling-dominated accretion flow (NDAF). The advection and diffusion of the large-scale magnetic field of a NDAF is calculated, and the external magnetic field is found to be dragged inward efficiently by the accretion flow for a typical magnetic Prandtl number P m = η/ν ∼ 1. The maximal BZ jet power can be ∼ 10 53 − 10 54 erg s −1 for an extreme Kerr black hole, if an external magnetic field with 10 14 Gauss is advected by the NDAF. This is roughly consistent with the field strength of the disk formed after a tidal disrupted magnetar. The accretion flow near the black hole horizon is arrested by the magnetic field if the accretion rate is below than a critical value for a given external field. The arrested accretion flow fails to drag the field inward and the field strength decays, and then the accretion re-starts, which leads to oscillating accretion. The typical timescale of such episodic accretion is in an order of one second. This can qualitatively explain the observed oscillation in the soft extend emission of short-type GRBs.
INTRODUCTION
It is believed that gamma-ray bursts (GRBs) are powered by the accretion disks surrounding stellar-mass black holes (Popham et al. 1999; Narayan et al. 2001) . The observed high luminosity of GRBs requires a very large mass accretion rate,Ṁ ∼ 0.01 − 10 M ⊙ s −1 , and therefore the accretion disks are massive with mass of 0.1 − 1 M ⊙ . The gas in the accretion disks is so dense that the most photons emitted in the disks cannot escape the systems, which leads to high temperature of the disks, 10 10 K. Thus, the neutrino cooling becomes dominant over the photon radiation, and therefore the accretion disks are named as "neutrino-dominated accretion flows" (NDAF, Popham et al. 1999; Narayan et al. 2001; Di Matteo et al. 2002; Kohri & Mineshige 2002; Kohri et al. 2005; Gu et al. 2006; Chen & Beloborodov 2007; Kawanaka & Mineshige 2007; Liu et al. 2007; Pan & Yuan 2012) .
The widely discussed jet formation mechanisms for GRBs are the Blandford-Znajek (BZ) mechanism or the annihilation of neutrinos and anti-neutrinos from an NDAF (e.g., Popham et al. 1999; Li 2000; Narayan et al. 2001; Di Matteo et al. 2002; Kohri & Mineshige 2002; Wang et al. 2002; McKinney 2005; Lee et al. 2005; Gu et al. 2006; Chen & Beloborodov 2007; Janiuk et al. 2008 ; Lei et al. 2009; Liu et al. 2012) . Based on lack of detection of a thermal photosphere component predicted by the baryonic fireball model in the GRB spectra observed with the Fermi mission (e.g., Abdo et al. 2009; , it was proposed that the GRB jet would be highly magnetized (e.g., Zhang & Peer 2009; Zhang & Yan 2011 ; see also Daigne & Mochkovitch 2002; Zhang & Meszaros 2002) . More recently, Yuan & Zhang (2012) proposed a new model for the jet formation in GRBs. The episodic, magnetically dominated plasma blobs are suggested to be ejected from the corona of a hyper accretion disk, which are responsible for the observed episodic prompt gamma-ray emission from GRBs, as suggested by Zhang & Yan (2011) .
The most extensively discussed mechanism for powering a magnetized jet is the BZ mechanism (Blandford & Znajek 1977) , in which the energy and angular momentum are extracted from a rotating black hole with the large scale magnetic field lines. The power of the jet launched by a rotating black hole surrounded by a NDAF can be estimated when the strength of the magnetic field near the black hole horizon is available. Kawanaka et al. (2013) calculated the BZ power of the jet in GRBs, and found that the typical jet power can be as high as ∼ 10 53 erg s −1 assuming the poloidal field to be equipartition with the gas pressure in the inner disk region. In their work, the detailed physics of the large scale field formation has not been considered.
A NDAF is probably formed after a merger of black hole/neutron binary (e.g., Eichler et al. 1989; Ruffert & Janka 1998; Barkov & Komissarov 2010; Etienne et al. 2012; Deaton et al. 2013; Foucart et al. 2013) or the gravitational collapse of a massive star (e.g., Woosley 1993; Paczynski 1998; Piran 2004; Zhang & Mészáros 2004; Woosley & Bloom 2006) . In the merger scenario, a disk is formed to feed the black hole after a neutron star is tidally disrupted, and the strong magnetic field may be formed near the black hole with an external field dragged inward by the NDAF. The NDAF is driven by turbulence, which also makes the field diffuse outwards. A steady magnetic field configuration of the disk is available when the advection is balanced with the diffusion of the field in the disk (Lubow et al. 1994) .
The diffusivity η of the magnetic field is closely related to the viscosity ν. The magnetic diffusivity should be at the same order of the viscosity in isotropic turbulent fluid, i.e., P m = η/ν ∼ 1 (Parker 1979) . This is indeed conformed by many different numerical simulations (e.g., Yousef et al. 2003; Lesur & Longaretti 2009; Fromang & Stone 2009; Guan & Gammie 2009 ). The diffusion/advection balance of the large scale magnetic field in the accretion disks has been explored in some previous works (Lubow et al. 1994; Lovelace et al. 2009; Cao 2011; Beckwith et al. 2009; Guilet & Ogilvie 2012 Cao & Spruit 2013) . The advection of the field is found to be efficient for ADAFs (Cao 2011) , due to their relative high radial velocities (Narayan & Yi 1994) , while it is inefficient for the geometrically thin standard accretion disks (Lubow et al. 1994) , unless the thin disks are dominantly driven by the outflows rather than the turbulence (Cao & Spruit 2013) .
In this work, we calculate the magnetic field advection/diffusion in a NDAF, and then estimate the maximal jet power can be extracted from a rapidly rotating black hole in GRBs. We describe the model in Section 2, and Sections 3 and 4 contain the results and discussion.
MODEL
We assume a vertical and homogeneous external magnetic field to be radially advected by the gas in the NDAF. The global solution of a steady NDAF is available by solving a set of differential equations, namely, the radial and azimuthal momentum equations, the continuity equation, and the energy equation. The energy equation is rather complicated for a NDAF (see, e.g., Popham et al. 1999; Narayan et al. 2001; Di Matteo et al. 2002; Kohri & Mineshige 2002; Kohri et al. 2005; Gu et al. 2006; Chen & Beloborodov 2007; Kawanaka & Mineshige 2007; Liu et al. 2007 ). Both the photodisintegration cooling and neutrino cooling are included, which are functions of mass accretion rate. The magnetic field advection/diffusion is predominantly determined by the radial velocity of the accretion flow. Similar to the ADAF case, the dynamics of the NDAF are also altered in the presence of the large-scale field, especially in the inner region of the flow, which is properly considered in our calculations. In the following two sub-sections, we briefly summarize the calculations of the structure of a NDAF and its magnetic field configuration.
2.1. Structure of the NDAF The dynamics of a steady NDAF with a large-scale magnetic field can be derived by solving the following differential equations.
The continuity equation is
which reduces to −2πRΣv R =Ṁ if the winds from the NDAF are neglected, Σ = 2Hρ, andṀ is the mass accretion rate of the NDAF. The radial momentum equation is
(2) where the pseudo-Newtonian potential is used to simulate the black hole gravity (Paczyńsky & Wiita 1980) , B S R is the radial magnetic field strength at the disk surface z = ±H. The Keplerian angular velocity is Ω 2 K (R) = GM bh /(R − R S ) 2 R, and R S = 2GM bh /c 2 . As suggested by Balbus & Hawley (1991) , the radial magnetic fields are sheared into azimuthal fields by the differential rotation of the accretion flow, which triggers magnetorotational instability (MRI) and the MRI-driven turbulence (Balbus & Hawley 1998) . In this case, the viscosity can still be approximated as the conventional α-viscosity, though the values of α are somewhat diverse, as shown in the numerical simulations. It is found that the final results of the field advection in the disks are almost independent of the value of α (see Lubow et al. 1994; Cao 2011 , for the discussion). The angular momentum equation reads
where j is the specific angular momentum of the accretion flow, and j in is the specific angular momentum of the gas accreted by the black hole. The conventional α-viscosity ν = αc s H is adopted in our calculations. The energy equation is
where T and s are the temperature and entropy of the gas, the cooling rate
ν are the cooling rates due to photodisintegration and neutrino processes, respectively). Compared with these two terms, the radiation cooling is always much smaller (e.g., Xue et al. 2013) , and it is therefore neglected in our calculations. The neutrino cooling rate is
where τ νi = τ s,νi + τ a,νi is the sum of the optical depth due to scattering and absorption for each neutrino flavor "i" in the vertical direction. They are functions of ρ, T , and H (see Di Matteo et al. 2002 , for the details). The photodisintegration cooling is (Di Matteo et al. 2002 )
where ρ 10 = ρ/10 10 g cm −3 , and the mass fraction X nuc of free nucleons is approximately given by
Here T 11 = T /10 11 K. A set of equations described above are closed with an additional equation, i.e., the equation of state (Popham et al. 1999) ,
where K = (2πhc/3)(3/8πm n ) 4/3 = 1.24 × 10 15 (m n is the nucleon mass), and µ e is the mass per electron (µ e = 2 is adopted as the previous works). The three terms in Equation (8) are contributed by gas pressure, pressure due to radiation and relativistic electron-positron pairs, and degeneracy pressure from relativistic electrons, respectively. The corresponding expression for the internal energy is
where γ gas is the ratio of specific heats for baryonic gas. The baryonic gas in NDAFs is non-relativistic, γ gas ≃ 5/3. The internal energy can be related to pressure as
for two extreme cases, i.e., baryonic gas dominant (γ ≃ 5/3) or the pressure from relativistic particles and radiation dominant (γ ≃ 4/3). It is found that the baryonic gas pressure is dominant in a NDAF for a wide mass accretion rate range (Kawanaka et al. 2013 ). For simplicity, we adopt γ = 5/3 in calculating the structure of the NDAF. Thus, Equation (4) can be re-written as
in which the continuity equation (1) is substituted. The final results on the advection of the fields in the NDAFs are found to be insensitive to the value of γ adopted. The accretion flow is vertically compressed by the strong large-scale magnetic fields (Cao & Spruit 2002; Cao 2011) . Assuming the pressure gradient to be in equilibrium with gravity in the vertical direction of the accretion flow, the vertical structure of the disk can be described by dp(z) dz
if the magnetic field line shape in the disk is known (Cao 2011) . In principle, the shape of the field line is available by solving the radial and vertical momentum equations of the disk with suitable boundary conditions (see Cao & Spruit 2002 , for the detailed discussion), which is too complicated for our present work. To avoid this complexity, we only consider the simplest case assuming the sound speed c s to be constant in the vertical direction of the accretion flow, i.e., dp/dz = c
is proposed, where H is the scale height of the disk [defined as ρ(H) = ρ(0) exp(−1/2)], the field line inclination κ 0 = B z /B S R at z = H, and η i = tanh(1) (Cao & Spruit 2002) . The main features of the Kippenhahn-Schlüter model (Kippenhahn & Schlüter 1957) can be well reproduced by this expression either for weak or strong field cases. The disk scale height H can therefore be derived numerically with the magnetic field line shape (13). We adopt a fitting formula suggested by Cao (2011) to calculate the disk scale height in this work,
where
and ξ bz is defined as
which is to be calculated as described in Section 2.2. This fitting formula can reproduce the numerical results quite well (Cao & Spruit 2002; Cao 2011) . It reduces to H = c s /Ω K in the absence of magnetic field.
Magnetic field configuration of the NDAF The induction equation of large-scale (poloidal) magnetic fields is
where ψ(R, z) is the azimuthal magnetic potential, J φ (R, z h ) is the current density at z = z h above/below the mid-plane of the disk (see Cao 2011, for the detailed discussion). The magnetic field potential ψ(R, z) = ψ d (R, z) + ψ ∞ (R) (Lubow et al. 1994) . ψ d (R, z) is contributed by the currents in the accretion flow, while ψ ∞ (R) = B ext R/2 is the external imposed homogeneous vertical field (see Lubow et al. 1994 , for the details). Assuming the azimuthal current to be distributed homogeneously in z-direction, we have
where J s φ (R) is the surface current density. The potential ψ d is related to J s φ (R) with
Equation (17) reduces to
for steady case, where P m = η/ν. This integrodifferential equation can be solved numerically to derive the R-dependent surface current density J s φ (R) with the specified P m if the structure of the NDAF is known (see Lubow et al. 1994 , for the details). The configuration of the large-scale magnetic fields can be calculated with the derived potential ψ:
and
2.3. Maximal power of jets in GRBs Considering the horizon of a rotating black hole to be threaded by a large scale magnetic field, the rotating energy of the hole can be extracted to jets through the BZ process. The detailed physics is quite complicated, which has been extensively investigated in many previous works. For an extreme Kerr black hole, the maximal BZ power is
where B h is the strength of the field at the horizon, and R h = GM bh /c 2 for a = 1 (MacDonald & Thorne 1982; Ghosh & Abramowicz 1997 ). This provides an upper limit on the jet power in GRBs.
RESULTS
In order to calculate the global structure of the NDAF as described in Section 2, we need to specify the boundary conditions at the outer radius R out . There are five parameters in our model calculations: viscosity parameter α, the mass accretion rateṀ , the outer radius of the accretion disk R out , specific angular momentum of the gas in the NDAF j at R out , and the external magnetic field strength B ext .
A typical value of P m = 1 is adopted in this work (Parker 1979; Yousef et al. 2003; Lesur & Longaretti 2009; Fromang & Stone 2009; Guan & Gammie 2009 ). The black hole mass M bh = 3M ⊙ is adopted in all the calculations. We use a fixed viscosity parameter: α = 0.2, in all the calculations, which is almost independent of the field advection, because the diffusion of magnetic field is proportional to the viscosity for a fixed Prandtl number. j(R out ) = j K (R out ) is assumed at the outer radius of the NDAF, which affects little on the dynamics of the accretion flow. The global solution of a NDAF required to pass the sonic point smoothly is derived by tuning j in carefully.
The NDAF is coupled with the magnetic field, i.e., the field configuration is determined by the NDAF structure, and the structure of the NDAF is also affected by the large scale field. We first calculate the global structure of the NDAF without magnetic field, and then the magnetic field is available based on the derived NDAF structure. The global solution of the NDAF is re-calculated based on this derived magnetic field. The global solutions converge usually after several iterations, because only the structure of the inner NDAF changes significantly due to the magnetic field.
As the pseudo-Newtonian potential is used in our calculations to simulate the general relativistic effect (see Section 2.1), the radial velocity of the NDAF approaches infinity at R = R S , which is unphysical. In the calculations of the global structure of the accretion flow, we define the radius of the black hole horizon as R = R h where the radial velocity v R = c. It is found that R h ≃ 1.3 − 1.4 R S depending on the values of mass accretion rateṀ and external field strength B ext adopted in the calculations.
In Figure 1 , we plot the large scale magnetic field configurations of NDAFs. The field is dragged inward efficiently by the gas in the NDAF. The structure of the NDAFs with different values of mass accretion rateṀ and external field strength B ext is plotted in Figure 2 . The radial velocity of the accretion flow with different disk parameters is quite similar. The R-dependent magnetic field strengths for the NDAFs with different values of the disk parameters are plotted in Figure 3 . In Figure 4 , we show how the magnetic field advection in the NDAF varies with the outer radius of the accretion flow. It is not surprising that the field strength at the region close to the horizon of the the black hole increases with the size of the disk if the values of all the other parameters are fixed.
For given external magnetic field strength, we calculate the structure and magnetic field of a NDAF with an outer radius R out when the values of parameters,Ṁ , and B ext are specified. With the derived field strength at the black hole horizon, we estimate the maximal jet power extracted from an extreme Kerr black hole with Equation (23). The maximal Blandford-Znajek jet power as functions of the disk size is plotted in Figure 5 with different values ofṀ and B ext . In Figure 6 , we show how the structure of the NDAFs changes with the mass accretion rateṀ for given external magnetic field strength B ext . We find that the radial velocity of the accretion flow decreases near the black hole horizon ifṀ is low, which implies the accretion flow is dynamically controlled/arrested by the magnetic field. The condition for arrested accretion flows is plotted in Figure 7 . 
DISCUSSION
The external field can be dragged inward by the NDAF efficiently (see Figure 1) . The magnetic field can hardly be advected by a geometrically thin standard accretion disks for a typical value of P m ∼ 1 (Lubow et al. 1994 ). The relative disk thickness H/R is large in the outer region of the NDAF (see Figure 1) , which implies the field advection is more efficient in NDAF than the thin disk case considered in Lubow et al. (1994) . The disk can be geometrically thin in the inner region of the NDAF, however, the gas falls almost freely onto the black hole horizon within the inner stable circular orbit of the black hole. Its radial velocity approaches the light speed at the black hole horizon, and therefore the external field is also dragged efficiently in the inner region of the NDAF towards the black hole. This is different from the calculations given in Lubow et al. (1994) , in which the transonic characteristics of the accretion flow near the black hole have not been included. In their work, the gas in the standard thin disk is assumed to rotate at Keplerian velocity v K , and its radial velocity of the disk is approximated as v R = −3ν/2R = −(3/2)(H/R) 2 αv K , which is underestimated in the inner region of the disk.
For a given external magnetic field, the advection of the field in the NDAF can be calculated. We find that the field can be amplified more significantly for a NDAF with a larger size (a larger outer radius R out ), due to the external field in a large area be captured by the accretion flow (see Figure 4 , Narayan et al. 2003) . The strength of the advected field at the black hole horizon is derived in our calculations, and then the maximal jet power is estimated. In principle, the calculations for the NDAF surrounding a rotating black hole should be carried out in the general relativistic frame (Xue et al. 2013) , which is too complicated for our present investigation. The calculations based on the pseudo-Newtonian potential in this work show the main feature of the general relativistic accretion flow, i.e., the radial velocity approaches the light speed at the black hole horizon. We believe the estimates of the BZ jet power in this work based on the pseudo-Newtonian potential should be reliable at order of magnitude. In Figure 5 , we show the maximal BlandfordZnajek jet power as functions of the disk size with different values ofṀ and B ext . Our results show that the maximal BZ jet power can be as ∼ 10 53 − 10 54 erg s
for an extreme Kerr black hole with 3M ⊙ , if an external magnetic field with 10 14 Gauss is advected by the NDAF accreting atṀ = 1M ⊙ s −1 , which is consistent with the typical field strength of a tidally disrupted magnetar . The tidal radius of a star disrupted by a black hole can be estimated by
where M * and R * are the mass and radius of the star respectively (Rees 1988) . For a typical magnetar with M * = 1.4M ⊙ and R * = 10 km captured by an extreme Kerr black hole with M bh = 3M ⊙ , the tidal radius R T ≃ 21R h , which should be comparable with the outer radius of the NDAF. An episodic soft gamma-ray tail is preferred to show in short-type GRBs, which are believed to be produced by mergers of compact stars (Hu et al. 2014) . The steady configuration of the field dragged by the NDAF is achieved when the advection is balanced with magnetic diffusion (see Lubow et al. 1994 , for the detailed discussion). We find that the accretion flow is arrested by the magnetic field close to the black hole horizon if the mass accretion rateṀ is low (see Figure 6 ). There is a critical mass accretion rate for a given external magnetic field, below which the accretion flow is arrested (see Figure  7 ). This implies that the accretion may be oscillating, because the balance between advection and diffusion is destroyed. When the accretion flow is arrested by the magnetic field, the accretion stops and the magnetic field decays due to magnetic diffusion. The accretion re-starts when the field becomes sufficiently weak, and the accretion flow may be arrested again if the advected field is strong enough. This will lead to episodic accretion, which is suggested to explain the observed oscillating soft extend emission in short-type GRBs (Proga & Zhang 2006; Liu et al. 2012 ).
As discussed above, the time interval of the episode accretion should be comparable with the magnetic field diffusion timescale. We can estimate the diffusion timescale of the field as (Lubow et al. 1994) t η ∼ R (25) The poloidal magnetic field of the NDAF is maintained by the azimuthal currents in the whole disk, which is a global problem, and therefore we adopt typical values of the quantities at the outer radius of the NDAF in estimating the diffusion timescale of the field threading the disk. If we adopt H/R = 0.2, and B z /B S r = 5 at R out (see Figures 1 and 3) , the diffusion timescale t η ∼ 0.2 seconds, for the typical values of the parameters, P m = 1, α = 0.2, and R = 20R h . The size of the disk may expand with time due to the angular momentum transfer in the disk (see Figure 5 .1 in Frank et al. 2002) , which implies that the radius of the arrested NDAF at late stage may be larger than the tidal radius R T . Thus, the interval timescale of the episodic accretion could be longer than the estimate, which is roughly consistent with the observed oscillation in the soft extend emission of shorttype GRBs (see Figure 2 in Liu et al. 2012 , for the observed light curves of some typical GRBs).
